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Introduction

For the second half of the course Al TechniqueglQNTU) you have to implement
an agent that will negotiate on your behalf. Thizuiment describes how you can
install the required environment, work with the yded agents, and write, compile,
and run such an agent yourself.
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1. Theory Crash Course

This section gives a crash course on some essémi@aly needed to understand the
negotiaton system. The negotiation objects thatugesl in a negotiation and utility
values are discussed.

Actions

In negotiation, the two parties take turns in dothg next negotiation action. The
possible actions are:

Accept This action indicates that agent (which usually Has value
'this") accepts the opponent's last bid
Offer This action indicates that the agent proposes aligw

EndNegotiation This action indicates that the agent terminates ¢méire
negotiation, resulting in the lowest possible scofezero for
both agents

Negotiation Protocol

The negotiation protocol determines the overaleomf actions during a negotiation.
Agents are obliged to stick to this protocol, arelidtions from the protocol are
caught and penalized. This section discusses ttalsdef the protocol for this
assignment.

Agent A and B take turns in the negotiation. Onetle# two agents is picked at
random to start. When it is the turn of agent X f¥ing A or B), that agent is
informed about the action taken by the opponerthdfaction was an Offer, agent X
is subsequently asked to determine its next aetiwhthe turn taking goes to the next
round. If it is not an Offer, the negotiation hasghed. The turn taking stops and the
final score (utility of the last bid) is determin&a each of the agents, as follows:

» the action of agent X is an Accept. This actiopassible only if the opponent
actually did a bid. The last bid of the opponentiaisen, and the utility of that
bid is determined in the utility spaces of agentad B. The opponent is
informed of this accept via the ReceiveMessage atetbut now without the
subsequent chooseAction).

» the action returned is an EndNegotiation. The sobbmth agents is set to 0.
So far for the protocol. If an agent does not fellthis protocol, for instance by
sending another action that is not one of the albo\®y crashing, that agent will get a
utility of 0, and the opponent will be given thditit of his last bid (or 1 if he did not
yet do a bid). If the agent deviates grossly fréra protocol in such a way that it
endangers the negotiaton simulator itself, it magisqualified entirely.

Time available for a Session

Normally, each negotiation session is allowed t&t @t most 180 seconds. If no
agreement has been reached before this time, taiagon will be terminated by

killing the negotiation agents, and the utilitylith parties will be 0. Only if (at least)
one of the agents is a GUI agent requiring useutinghe deadline is set to 1800
seconds. Notice that manipulation of the availdiviee (by delaying the response of
your agent) can be an important factor influending negotiation results, and one
improvement for the example agent (SimpleAgent) ldidae to be more careful about
this.



Negotiation Objects

The central datastructures in the negotiation heekid and the utilityspace. Both
work in a domain. Figure 1 shows an overview of @main and utility space
datastructures and their relations.

= Domain = Utility Space

Evaluator for ID=12
weight=30%

eval.values=(4,7,3)

cost=(700,800,900)

ISSUE Laptop ID=12

| 1. Dell | | 2. Apple | | 3. HP |

Evaluator for ID=18
weight=20%
eval.values=(5,3,2)
cost=(0,50,100)

ISSUE Harddisk ID=18

| 1.60Gb | | 2.80 Gh | 3.120 Gb

Figure 1. Overview of the datastructures and relations.

The domain describes which issues are the subject of thetiadigm. To give a
concrete example of a domain, in the laptop donia@ndomain is a list of issues,
where thdassues are laptop, harddisk and monitor. Issues are heifegred to via the
issue ID, a unique number for each issue. The domain deggriplso describes the
possiblevalues that all the issues can take. In the laptop dopsirissues can have
only discrete values, e.g. the harddisk issue @ lonly the values 60 Gb, 80 Gb
and 120 Gb. These issues are an instance of Isstrel. There are other types of
Issue but discussion of them falls out of the saafgéis short discussion.

Issues are an instantiation of a more ger@hgkctive class. The objective class itself
is not relevant except that some functions retur®bjective, and the returned object
then has to be cast to an Issue or IssueDiscreteezied.

The utilityspace provides all the information enabling the compotatof the utility

of some bid. It is implemented as a list of evadusitone evaluator for every issue in
the domain. Because the issues in the laptop domanall discrete issues, the
evaluators are all EvaluatorDiscrete objects.

The Evaluator object contains a weight, and for each value ttatissue can have it
gives an evaluation-value and a cost value.

The weight indicates the relative importance of an issue. Jima of the weights of
all issues is 1.0.

The evaluation-value gives the evaluation, or utility, associated watich value that
an issue can take. For instance, for the harddisliei above, the evaluation values
could be 2 for the 60 Gb, 4 for the 80 Gb and XQtie 12 0Gb, etc.

The exact formula for computation of the utilitisgiven in equation 1.

Thebid is a set of values for each of the issues in tmain.

Utility of a Bid

A bid is a set of chosen values..v, for each of thé\ issues. Each of these values
has been assigned an evaluation value wyat( the utility space, and also there are
fixed costs cos{) associated with each value. The utility is theglveed sum of the

normalized evaluation values, under the assumptimt the cost is below the
maximum cost of 1200. If the maximum cost is exeekdhe utility is zero.
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Optimality of a Bid
For a single agent, the optimal bid is of course with a maximum utility. But a

more general notion of optimality of a negotiatiomolves the utility ofooth agents.
Figure 2 shows the utilities of all bids for theotparties in the negotiation.

Ideal but unavailable
100%

Utility of agent A

100%
Utility of agent B

Figure 2. Utility plot. Each point indicates the utility for both agents of a
particular bid. Thered lineisthe Pareto optimal frontier.

There are multiple ways to define a more globaltifopm”. One approach to

optimality is that a bid is not optimal for bothrpas if there is another bid that has
the higher utility for one party, and at least dquagity for the other party. Thus, only

bids in Figure 2 for which there is no other bidhat top right is optimal. This type of
optimality is called Pareto optimality. The collect of Pareto optimal points is called
the Pareto optimal frontier. Another approach & ash optimality. A Nash solution

is a bid for which the product of the utilitieslmbth agents is maximal.



2. Installing the Environment

System Requirements

You can run the negotiation environment on anyesystunning Java version 5 or 6.
You can download Java from the internet (www.sumfgava) [sun07].

Installation

To install the environment, the filregoti at or. zi p can be downloaded from
Blackboard. Unzip the file at a convenient locat@nyour machine. This will result
in a package containing the following files:

» assignment.pdf, containing the assignment

* userguide.pdf, containing this document

* negosimulator.jar, the negotiation simulator

» a templates folder, containing various domain spaaé with a few sample
utility spaces (xml files)

* TheSimpleAgent.java andSimpleAgent.class file

Progress & Error Messages

When you run the negosimulator (by double-clickitige application), progress
messages and error messages are printed mairig &igndard output. On Mac OSX
you can view these messages by opening the comngioldow (double-click on
Systemdisk/Applications/Utilities/Console.app). QMindows this is not directly
possible. Console output can be read only if yau $he application from the console
window by hand, as follows. Go to the directoryhwiihe negosimulator and enter
java -jar negosinulator.jar
This will start the simulator, and all system.outgsages will appear in the console
window.

Bug reporting

The negotiation environment has been tested extelgson Mac OSX 10.9 and on
Windows XP, Windows 7. It should run on any machmmening Java 1.5.0 or higher.
This includes Solaris, Linux, and more recent wersiof Mac OSX and Microsoft
Windows. There are still a number of known bugthinegotiation environment, and
possibly new bugs will be discovered during therseulf you find a bug, please
report this to ai@mmi.tudelft.nl or W.Pasman@ tutielf



3. Profile Creation

The profile describes your personal preferencesfoegotiation in a given domain.
The profile is used to convert any bid in that domta a value indicating how you
would rate that bid. This is also called yautility of that bid. A profile is also called
a utility space. Your utility space has a major impact on yourafimating in the
course, because it will be used to judge how wali gompleted the negotiations that
you will perform. This section discusses how ta gdur utility space.

Step 1: Start the Negosimulator

Start the negosimulator by double-clicking the redgalator.jar file in the negotiator

package. The negosimulator screen is displayedignré 3. The Domains and

Preference Profiles tab contains a repository ahalos and preference profiles
(under the corresponding domain). Domains and praée profiles can be added or
deleted with the green + and red — buttons. Thexttag@b contains a repository of
agents. Agents can also be added or deleted vatgrbeen + and red — buttons.

Il

File Help

=

Biomains ard Freferancs Frofles)|

) laptop_damain al

- party_domain,sml

[F-{5) son_damain, <ml

1) ampo_vs_clty_template.xml
[+ thompson_employment.xml
() car_domainxml

Uu/‘

Agents |

Agent Mame | Filename (f...|  version Description
EayesianAg. .. |agents Bay.., 2.0 Eayesian A...
BayesianAq. . |agents.Bay... (2.0 Bayesian A...
ULAgent Ex... |agents ULA,., 2.0 LI agent wi,, .
SimpleAgt agents.Sim... ERR The Rando...
Trade-OfF a...|agents Simil... 1.0 Trade-OFF a...

Fuzzyhgent |agents.Fuz... |1.0 Fuzzy agen...
ABMPAgent  |agents.AB... |unknown ABMP agen, ..

Figure 3. The negosimulator right after start-up.

Step 2: Load the Domain

Load the domain specification that you want to wanth, by double-clicking one of
the domains in the Domains and Preference Profitab, for instance
laptop_domain.xml. After loading the laptop domaive simulator will look like
Figure 4. The left column shows the laptop domaiith the issues "Laptop",
"Harddisk", and "External Monitor". The center coln shows the type of the issue.
The right column shows the values that are avail&i the issue.



B GeEnLUS 3.0 =10l x|
File  Help
sl oe
Domains and Preference Frofies | laptop_domain 3¢ I
BEks oz oo = e | e value [
'@ laptop_seler_utiity .l =
. @ laptop buyer Uity xml | LaptopDomain CBIECTIVE This == Ohjactive j
- @ laptop_test xml N e Laptop DISCRETE Dell, Macintosh, HP,
party_domain. sl i
{3 son_domain.anl j o Harddisk DISCRETE 60 Gb, 80 Gh, 120 Gh,
' & External Monitar DISCRETE 19" LD, 20" LCD, 23" LCD,
Agents |
Agent Mame | Filename (F... ‘ersion Description LI
BayesianAg.., [agents Bay... (2.0 Bayesian &, Edit nod
BayesianAg.., [agents Bay... (2.0 Bayesian &, It nodes
UIAgent Ex. .. |agents UIA,., (2.0 UL agent wi... Add Objective
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Trade-CFF a...|agents. Siml..|1.0 Trade-CFf a... Hr
FuzzyAgent  [agents.Fuz... 1.0 Fuzzy agen... Delste (Bssimi gl
ABMPAgent  |agents.AB... |unknown ABMP agen...

Figure 4. The negosmulator after loading the laptop domain.

Step 3: Create a Preference Profile

We need to extend the domain that has now beerdbedio an empty utility space
for that domain. In the Domains and Preferenceilesotab, select the domain for
which you want to create a new preference proflleen select File > New >

Preferences Profile. After this, the editor shdoluk like Figure 5. New as compared
to Figure 4 is the "Weight" column, showing the ornce associated with this
issue. Notice the numbers and check boxes at thigfe. If you do not see them in
your window, you may need to resize the window tredheaders.

B GENIUS 3.0 - =[]
File  Help
ol 09 ‘
Domains snd Preference Profies | ooy i | Profie 1 34 |
=5 TR = Neme | e | vahue [ Weight I
- ® laptop_seller_utiity .l - =
" & laptop_buyer_utity.<nl ) LaptopDamain OBJECTIVE  This == Ohjective j
=@ |aptop_test.xml 1 - & Laptop DISCRETE  Del, Macintash, HP, ’— !_'D Tl
-0 party_domain.xml ) '
[-E son_domain.smd = @ Harddisk DISCRETE 60 Gb, 80 Gb, 120 Gb, [ TR
= = ® External Monitor DISCRETE (9" LD, 207 LCD, 23" LD, — B
Agents | ' r
Agent Hams | Filename (F.. | Yersion Description ;]
EayesianAg... [agents.Bay... 2.0 EBayesian A... S
Bayesiandg, .. |agents.Bay... 2.0 Bayesian A... i nodes |
UlAgent Ex... agents.UIA... 2.0 UT agent wi... Add Obgeckive. || .
Simplefgt  agents.sim... [ERR The Rando... T, Hame:
Trade-Off a... [agents.5imil... 1.0 Trade-Off a... — b
Fuzzyhgent |agents Fuz... |1.0 Fuzzy agen... Desctiption:
ABMPAgent  |agents.AB... unknown ABMP agen. .

Figure 5. The negosimulator after creating a new utility space.

Now you are ready to start customizing your utilyace to reflect your personal
preferences. The next two steps will deal with.this

Step 4: Set the Evaluation Values

In this step the utility values for each value vio# set for each of the issues. Select
one of the issues by clicking on the name of theuas(do not select the
"LaptopDomain” which is not an issue). The seleatathe will turn blue and a large
yellow area will appear. Then click the "Edit" larit The editor for discrete issues

will pop up (see Figure 6).



Edit Issue

Issue Properties

Edit the discrete values below.  Evaluation values. Cost of value  Description

v
gamer laptop

e

Figure 6. The discrete-issue editor.

Now you can edit the column Evaluation values hbgkahg in the blank column
under "Evaluation values". You can enter the euaunavalues, one per line,
matching the values on your hand-written profilelyOnteger numbers larger than 0
are allowed. To introduce a strong preference efissue over other issues, just make
the number very large. The window will look likegkre 7 after editing.

Do not edit the first column. Doing so will change the domain, resulting intaity
space that does not fit the laptop domain. Therotlumns should not be edited
either for the same reasons. The editor will nlatvalediting of these values anyway,
but you can also edit the xml files by hand in whéase you have to be careful not to
touch those fields.

When adjusting the evaluation values, keep in ntived the utility of a bid will be
zero if the cost constraint is violated (see Equmatl).

m 3 m 700.0 cheap laptop
Macintosh ] 800.0 quality laptop
7 a00.0 qam o

up

D

( Ok ) \ Cancel ‘)

Figure 7. Thediscrete-issue editor after entering the evaluation values.

If you are satisfied with the evaluation valueggsthe Ok button. If you entered an
illegal value, a warning will appear and the evtiira values will not be changed.
Repeat step 4 for the other issues, until all etada values of all issues have been
set.

Step 5: Set the Issue Weights

As a final step to tune your utility space, you @ajust the relative weights of the
issues, by using the sliders next to that issual ¥an lock the weight value of an

issue by clicking the checkbox next to the slidEhe sum of the weights is

automatically kept at 1, causing all unlocked skd® change when you drag one of
them.

Step 6. Save your Utility Space

Once you have set all sliders and have filled batdvaluations for the options under
each issue, select File > Save or click the sat®muand save your file. It is possible
to save incomplete utility spaces as well, for dlatempletion. Use an appropriate
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filename that refers to the domain it is relatedatiod makes clear it is a utility space
file, e.g. laptop_buyer_utility.xml. The preferenpeofile is automatically added to
the repository under the domain.
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4. Running Negotiations

To run a negotiation session, select File > Newegdliation Session. The Session
tab pops up (Figure 8).

B cenus 3.0 N —1ol x|
File: 'Help
il OO |
Domainis and Preference Profiles l laptop_ domain | Profile 1 | Sess. Editor 3¢ ‘
EE=T. =
: # laptop_seller _utility.ml MNegobiation Session Setup—
4@ laptop_buyer_utility xml
‘- @ laptop_testxml | | Megotiation prtocol [Alternating offers =1
- party_domain. xmml
-4 son_domain, sl | Side & -
Prefrences profile Ietcﬂtemplatesflaptopdomamflaptop_seHer_utihty‘xml _VJ
Agents
Agent Name | Filename (F...|  Yersion Description 2 IS IBEVES'E”AUE”t ﬂ
BayesianAg. .. jagents.Bay... 2.0 Bayesian A... Paranieters i[]
Bayesianfg, .. |agents Bay.., 2.0 Bayesian A,
Ulgent Ex. .. |aaents UI4,., 2.0 UL agent wi.,,
Simplefgt  (agents.Sim... [ERR The Randa. ., e )
Trade-OFf a...\agents.Simil... [1.0 Trade-OfF a... |
FuzzyAgert |agents.Fuz... [1.0 [T p—— Prefrences profile [stcjtemplates laptopdomain laptop_seler ity xml > |
ABMPAgent  |agents.AB... |unknown ABMP agen...
Aagent nanme HBayesianAgent j
Parameters n
~Timegut
Non-GUI agent  [180
GLIT agent {E
Start I

Figure 8. The negotiation set-up screen.

You need to set up the following items:

» The negotiation protocol. Only the Alternating offas possible at this time.
You can also use “Alternating Offers with separdéadlines (deprecated)”
protocol for backwards compatibility with agentsitten for older versions of
Genius.

» Agent A/B preferences profile: the xml file contmig the utility space of
agent A/B. Usually this is a file with a name lileptop_A/B_utility.xml.

* Agent A/B name: the name of the negotiation agéat party A/B in the
negotiation wants to use. You can use the provapehts, or use your own
agent placed in the directory containing the negotijar file. UIAgent allows
you to manually control party A/B in the negotiaticGimpleAgent is an agent
that automatically handles the negotiation foryparB.

After these fields have been set appropriately,ganupress the Start button to run the
negotiation sessions.

Using an Automatic Agent

If you selected an automatic negotiation agent,ristance SimpleAgent, there will
not appear any window while that agent has the. ftihe agent should pose its bid
within a reasonable time. After the agent madebits the other agent is given the
turn. If both agents are automatic, no windows waplpear at all during the entire
negotiation, and only the output windows will shthe ongoing negotiation results.
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Using the UIAgent

If you selected the UIAgent for Agent A/B, the wowd as shown in Figure9 will pop
up every time input from negotiation agent A/B eeded.

CFnd Mazatiatizn | [ Accapt Opnonent Bid ) B Rapd 3
F W A ;- = .

Figure 9. The GUI of Ul Agent.

This GUI has three main components: the text falthe top level, the table showing
the last bid and a possible next bid, and a roluttons at the bottom.
The text field shows some text about the curregbtiation state.
The table has three columns:
* The left column shows the names of the issuesamtmain
» The center column shows the evaluation valuesheritsues as proposed in
the last bid of the opponent (or "-" if this is tiest round)
* The right column shows the current picked valueghe issues. You can edit
the current pick by clicking on the fields, whiclilvepen the combo boxes in
the fields (Figure 90).

0 Chb
- 120 Gb(6) =1

Figure 90. Combo box opens after clicking on a field, allowing change of the
picked valuesfor the next bid.

The last two rows of the table show the cost aildyudf the last opponent's bid and

your current bid. The cost field will turn red iby exceed the maximum cost of 1200.
The utility is shown as a percentage, and also lzex @f matching size. These values
are computed according to your utility space, as$ tletermines your score, and also
because you have no access to the opponent'y spliice. The lower three buttons
allow you to submit the next bid as set in the triglumn, or to accept the opponent's
last bid.

Using the Extended UlAgent

The extended UlAgent is similar to the UlAgentatiditionally shows a table and a
plot of the utilities of all bids made in the sess{Figure 11).
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hoose ai for agent agent B 5[
rHistory of Bids:
Round | Bid of your Oppanent | uiopp) | Your Bid I uiown) |
rUtilities of Bids per round: rPlease place your bid:
e Opponent. proposes the following bid:
11 Utilities per round Issue Last Bid of Opponent ‘our bid
Laptop Dell HP{(3) =
0 Harddisk 60 Gb 60 Gb(3) =
08 External Monitor 19'' LCD 19" LCD(3) =
B (COST (in your utilspace): ss0.0 1150.0
Utily: T T
B o7 v
=
= End Megatiation I Accapt Oppanent Bid | Do Bid |
2o
g 05
=
E 04
03
0.2
0.1
0.0
0 1
round
% my bids -® opponent's bids

Figure 11. The GUI of Ul Agent Extended.

Negotiation Results

There are two types of results: the utility plotiahe utility of the last bid for each

round. Both are shown in the Progress tab, asajisglin Figure 12.

Damains and Preference Profiles |

laptop_domain

Prafile 1

Sess A Prog. W

# laptop_seller_utility xml
. @ laptop_buyer_utility.xml
E-4) party_domain,xml
- son_domain.xml
G- ampo_vs_city_template. xml

Agenks |

Agent Name | Filename (f... ‘ersion Description
Bayesianfg, .. agents.Bay.., 2.0 Bayesian A,
Bayesianéag... Bayesian A...
UlAgent
LITAgent Ex...

Fuzzyagent
ABMPAgEnt

Megatiation log

=lofx|

~Megotiation dynamics chart

Agent agent A begins

igent agent i sent
(Offer:
TUeility of agent A:
Utility of agent B:
igent agent E sent
(Offer:
Ueility of agent A:
Utility of agent B:
hgent agent A sent
(Offer:
Uoility of agent A:
Urility of agent B:
hgent. agent B sent
(Offer:
Unility of agent A:
Utility of agent B:
hgent agent A sent
{0ffer:
Ucility of agent A:
Utility of agent B:
hgent agent B sent
{0ffer:
Urility of agent A:
Urilicy of agemt B:

Eid[Laptop:

Bid[Laptop:

Eid[Laptop:

Eid[Laptop:

Eid[Laptop:

Eid[Laptop:

the following of
Dell, Harddisk:
0. 8830778834763
0.7032434193547
the following of
Macintosh, Hard
1.0000518041717
0. 7255201060898
the following of
Dell, Harddisk:
0. 6830778854763
0.7032434193547
the following of
Dell, Harddisk:
0. 4511884080073
0.5182970103926
the following of
Macintosh, Hard
1.0000518041717
0. 7256201060898
the following of
HP, Harddisk: &
0. 8740242984783
0.87402425947683

11
10
o0g
o8
07
08

Seller

05
04
03
02
K]

0o
0.0 01 02 03 04 05 08 07 08 08 10 11
Buyer

® all possible bids — Pareto efficient frontier
- Agent A's bids -4 Agent B's bids m Nash Point
® |alai Point ™ Agreement

“Exchanged offers

Round Side utild UtilE I Opp. madel
1 agent A 0.66907788.,, 0,70324341...,
z agent B 1.00005180... |0.72562010...
3 agent & 0.68907785... 0.70324341... |
4 agent B 0.45118840... 0.51829701... |
5 agent A 100005180, |0,72562010..,
3 agent B 0.87402429... 0.87402429... |
7 agent & 0.87402429... 0.87402429... |

Figure 12. Progresstab. The utility plot also showsthe Pareto Frontier (thered
line), and the bidding sequence of agent A and agent B (the green and the blue

lines).
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The Utility Plot

A utility plot will be provided during each negdi@n. The plot shows points
corresponding to all possible bids, the Pareto tiegrNash and Kalai points, all bids
made by both agents and the final agreement.

Exchanged Offers

The results of the negotiation are shown in theharghed Offers part. This shows
four columns: the session number, the final utildy agent A and B, and the Protol
ErrorRemarks column. The utilities are the utifitief the final, accepted bid, as
measured in the utility spaces of agent A and B {Be section Utility of a Bid).

Running a Tournament

Besides running a single negotiation session,dtse possible to run a tournament. In
a tournament, a negotiation session is held foryepessible combination of chosen
agents and preference profiles for each side. Tothiy select File > New >
Tournament. The Tournament tab will appear as aysal in Figure 13.

B cenus 3.0 I (] 53}
File  Help
J H Ve s ‘
Domains and Preference Profiles | laptop_domain Profile 1 [ Sess.4 Prog. [ Tuumsettmgsﬁ}
=

[=Ri]
# laptop_seller_utility xml Tournament Settings

- @ laptop_buyer_utility, xml

party_domain, xml Watriable: Walues
son_domain. xml o Preference profiles

1) ampo_ws_city_template. xml ;I Agent side A
- Agert: side B
Agents |
Agent Name | Filaname (F...|  Warsion Description
BayesianAg... |agents.Bay .. (2.0 Bayesian ...
BayssianAq... [agents.Bay... 2.0 Bayesian A...
LIIAgent agents.UIA, .. (1.0 Simple UI a..,
LIAgent Ex. .. |agents.UIA... 2.0 LI agent wi...

ABMPAgent  |agents.AB.. ERR \ABMPagenH.

Stark

Figure 13. Tour nament tab.

Double-click Preference profiles and select attleéas profiles from the window that
pops up (Figure 14). For every chosen domain,aat levo profiles should be chosen.
For example, choose laptop_seller_utility.xml aayokdp_buyer_utility.xml.

B rrofile Selector GUI x|

I filezskc/templares(laptopdomainflapton, seller Uiy, xm

I~ File:ete fremplates laptopdomainlaptap_buyer_utility xml
[ filesetetemplatesipartydomainiparty_utility_kh.xml

[ filesetetemplatesipartydomainiparty_utility_cath.xml

[ filesete/templatesipartydomainiparty_bartluijten_utility xml

[ File:seteftemplatesiSON{son_buyer.xml

ONfson_seller. sl

[ fila:ate fremplatasaMPOvsCity fampo_vs_city_city_space.xml

[ fila:ete fremplatesaMPOvsCity fampa_vs_city_ampo_space.<ml
I~ Fileseke feemplates thompsonythompsaon_employer_utilityspace xml
I~ Fileseke feemplates thompsonythompsen_employee_utilityspace.xml
[~ Fileseke feemplatesiznd_hand_carfcar_buyer,xml

i
i
i
i
i
i
[~ File:ate/templates/s
i
i
i
i
i
i

I~ File:eke feemplatesiznd_hand_carfcar_dealer,xml

oK | Cancel |

Figure 14. Profile Selector.
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Next, double-click Agent side A and select one arenagents from the window that
pops up. Do the same for Agent side B and presStidwe button. A Progress tab will
appear as dispayed in Figure 15. This tab conthmsame information as a Progress
tab for a single negotiation session, but additignahas a tournament overview. If
you click on a session in this overview, the dstaflthat session will be diplayed.

B cenius 3.0 =1ol x|
File. Help
s =H|oe |
Damains and Preference Profilzs | laptop_dormain T Profils 1 Sess.4 Prog, Tﬁupgpromﬁm ® |
29 =11 ||-Tournament Cvervi
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i ® laptop_buyer_utilty.xml Domaind | Domainz | Agentd | Agentf | Agent.., |AgentB...| Rounds Ukl UtlB: Details
(-3 party. domain.xml ProfileR. .. |Profiler. .. [simpleagt [SimpleAgt 5 0.9411.., |0.8516.., |
£ son,_ domain ProfisR... ProfileR. .. [Simplefgt [Simplefgt 2 0.5772.., [0.7474... =l
[ ampo_vs._ city_template.xml
'—J B B - ﬂ ~Megotiation Session
Agents | hlegotiation log -~ |-Negotiation dynamics chart
lAgent Agent A begins 11
hgent Agent A sent th 10
(Offer: Bid[Laptop: D i
|{Utagent \agents.L 0 Simple UL a... [Utility of Agent A: 0 .
!ngent Ex... lagents UIA... [2.0 LT agent wi... Utility of Agent B: 0 0.8 - .
SimpleAgt \agents.5im.., [1.2 The Rando... jhgent Agent B sent th 07
Trade-OFf a...|agents.Simil... ERR Trade-Off a... (Offer: Bid[Laptop: Dx 508
FuzzyAgent  |agents.Fuz... ERR Fuzzy agen... [Utility of Agent A: O o
ABMPAgent  |agents. AE... ERR \BEMP agen... Utility of Agent E: O m 05 =
0.4
0.3
0z
o1
00
00 0.4 D2 03 D4 05 08 07 08 00 10 11
Buyer
® all possihle hids — Pareto efficient frontier
- Agent A's bids - Agent B's bids ® Nash Point
® Kalai Point m Agreement

-Exchanged offer
Fuound Side wukilay utilE Opp, model |
b Agent A 0.5182970.., 0.4511884... -
2 Agent B 0.5772159.., [0.7479967...
3 Agent A 0.5772159... [0.7479967... LI

Figure 15. Progresstab for a tour nament.
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5. Writing a Negotiation Agent

This section discusses how you create an automegjotiation agent. To explain this,
the SimpleAgent.java code as provided in the ifegtah package will be discussed.

It is assumed that you are familiar with programgnim Java. In case you need more
information about JAVA programming, please use tHellowing link:
http://java.sun.com/docs/books/tutorial/index.htifihe Java API definitions can be
found on http://java.sun.com/j2se/1.5.0/docs/agénhtml.

In the first place, a negotiation agent has torektine negotiator.agents.Agent class.
Table 1 shows the fields and methods of this class.

Table 1. Methods and fields of the Agent class

UtilitySpace utilitySpace
the current utility space. This usually is an ins& of the UtilitySpace that yqu
specified in the negotiation set-up screen (Fi@)re

public Tineline tineline
Use timeline for everything time-related, such atTgne().See the Timeline class for mg
details.

=

e

public void sl eep(double fraction)
Let the agent wait. Example:

sleep(0.1) will let the agent sleep for 10% of tmegotiation time (as defined by the
Timeline).

Date startTime
Deprecated. Please use tineline.

the start time for the current negotiation session

Integer total Tine
Deprecated. Please use tineline.

the total available time (seconds) to completectiteent negotiation session

public double getUtility(Bid bid)
A convenience method to get the utility of a bitiisTmethod will take discount
factors into account, using the status of the cuieneline.

void init()
Informs the agent about beginning of a new negotiagession

voi d Recei veMessage( Acti on opponent Acti on)
Informs the agent which action the opponent did

Action chooseAction()

This function should return the action your ageahts to make next.
This function is called immediately after a Recélessage, and only if the opponent
made an Offer or if this is the first round in gession.

String get Name()
returns the name of the agent

I nt eger sessi onTot al Nunber
Informs you about the total number of sessions tighsame opponent and using the
same utility spaces.

I nt eger sessi onNunber
A unique number identifying the current negotiatiorsession in  the
sessi onTot al Nunber .

By extending Agent, your agent can access thesfiafit likes.
To implement your agent, you have to override twtheee three classes:

16



* public void Recei veMessage(Acti on opponent Acti on)
* public Action chooseAction()
e public void init ()

Init

An important consideration for the implementatierthat an agent may participate in
multiple negotiation sessions with the same oppbriris enables the agent to learn
from the previous sessions. For this reason, ttgotreion environment calls the
method init before starting the new session.

ReceiveMessage

The Recei veMessage(Action opponentAction) informs you that the
opponent just didpponent Act i on. Theopponent Acti on may be null if you are
the first to place a bid, or an Offer containing tiid of the opponent. It may also be
anAccept orEndNegoti ati on action.

The chooseActi on() asks you to return an Action to make the negpsn the
negotiation.

In the SimpleAgent code, the following code is &lale for Recei veMessage
(Figure 10). This will be the typical code for am@atic negotiation agents.

public voi d Recei veMessage(Acti on opponent Acti on)
{ actionO Partner = opponentAction; }

Figure 10. Example code for ReceiveM essage

ChooseAction

Figure 11 shows the example code for tit@oseActi on method. For safety, all

code was wrapped in a try-catch block, becauseuif amde would accidentally

contain a bug we still want to return a good actfailure to do so is a protocol error
— see Negotiation Protocol — and results in a sobfefor us!).

The sample code works as follows. If we are thst fio place a bid, we place a
random bid with sufficient utility (see the .javiieffor the details on that). Else, we
determine the probability to accept the bid, dependn the utility of the offered bid

and the remaining time. Finally, we randomly ace@ptose a new random bid.

public Action chooseAction()

{

Action action = null
try {
i f(actionOf Partner==null)
action = chooseRandonBi dAction();
i f(actionOf Partner instanceof Ofer)
{
Bid partnerBid = ((Ofer)acti onOf Partner).getBid();
doubl e of feredutil =
utilitySpace.getUtility(partnerBid);
/1 get current tine
double tine = tineline.getTine();
doubl e P=Paccept (offeredutil,tine);
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if (P>Math.random()) action = new Accept(this);
el se action = chooseRandonBi dAction();

}
Thr ead. sl eep(1000); // just for fun
} catch (Exception e) {
Systemout. println("Exception in
ChooseAct i on: " +e. get Message());
action=new Accept (this);

}

return action;

}
Figure 11. Example code for chooseAction

The Paccept function is a probabilistic acceptdanetion where P equals

—2ut+ 2t —1++/(t -2+ u(2t -1
F)amm:u u+( ;:/_(1 )"+ u( )) 2

Whereu is the utility of the bid made by the opponent (asasured in our utility
space), andlis the current time as a fraction of the totalilade time.
Figure 12 shows how this function behaves dependimghe utility and remaining
time. It can take quite some time to figure oubarfula that suits the requirements,
but it is at the heart of the example agent.

1.

in Paccept

Figure 12. Paccept value as function of the utility and time (as a fraction of the
total available time)

TheUtilitySpace and its functions should be considered as 'given’,

You may want to override the init function, to datthe sessi onNunber and
sessi onTot al Nunber . See the SimpleAgent.java example file.

Automatic agents have to negotiate on their owd,ame not allowed to communicate
with a human user Therefore, do not override itlsé&) Agent () function in
automatic negotiation agents.

Compiling an Agent

To compile the agent, you put YourAgent.java cadehie directory containing the
negotiator.jar file, and use the command line
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javac -cp negosinul ator.jar YourAgent.java

After compilation, the resulting YourAgent.claskeftan be loaded into the negotiator
simulator by typing "YourAgent" (fill in your actlagent name) in the negotiation
set-up screen (Figure 8). Make sure your agentbeafound in the same directory
structure as is indicated by its package header.
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6. Data structures

This section discusses the datastructures thakebreant when writing a negotiation
agent. Only the functions that fetch informatiort ofi the available datastructures
will be discussed, as modification of these datastires is strongly discouraged in
this context.

The following sections discuss the methods of glevant objects in more detail. For
a number of data structures the constructor isginen, as the readily provided
objects should be used.

Domain

hj ective get vjective(int ID)
ID is the ID of the objective
returns the objective with the given ID.

Bi d get RandonBi d()
returns a bid with randomly set values. The bid inaye utility O.

Arrayli st <l ssue> get | ssues()
get all issues as an arraylist.

ValueDiscrete (implements Value)

| SSUETYPE get Type()
returns ISSUETYPE.DISCRETE.

String get Val ue()
returns the String associated with this Value

IssueDiscrete (implements Issue)

i nt get Number ()
returns the issuelD of this issue.

String get Nane()
returns the name of the issue

i nt get Nunmber O Val ues()
returns the number of values available for thisass

String getDescription()
returns the description for this issue.

Val ueDi screte getVal ue(i nt n)
returns the i value of this issue. n can be 0..getNumberOfV#)tks

String getStringVal ue(int n)
returns the f value of this issue as a String.

i nt getVal uel ndex(String s)
returns the index number n for which getStringVé&bjes.

ArraylLi st <Val uebDi screte> get Val ues()
returns an ordered list with all values associatid this issue.
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UtilitySpace

Eval uat or get Eval uat or (i nt i ndex)
index is the IDnumber of the issue.
returns an evaluator for the objective or issue.

double getUility(Bid bid) throws Exception

computes the utility of a given bid in your utilitypace, without regard to af
discount factors. This is in fact the weighted safrgetEvaluation().

Can throw an exception if there is a problem whiga tomputations, for instance if t
utility space contains illegal weights or evaluator

ny

public doubl e getUtilityWthD scount (Bid bi d, Ti el i ne
timeline)

Let d in (0, 1) be the discount factor. (If d <®0d >= 1, we assume thatd =1.)
Lettin [0, 1] be the current time, as definedttwy Timeline.

We compute theiscounted utility discountedUtility as follows:

discountedUtility = originalUtility * d”t.

doubl e get Eval uation(i nt plssuelndex, Bid bid)
throws Exception

Computes the utility of one of the issues (plssdek) in a bid. This just translates
a call to EvaluatorDiscrete.getEvaluation.

bool ean constrai ntsViol ated(Bi d bid)
Check that the constraints are not violated in s Returns true if the bid violaté
the constraints. In the current negotiator systéepnly, hard coded constraint is tf
getCost(bid¥1200. This constraint is used with every utilityasp.

S
nat

Bid get MaxUtilityBid() throws Exception
returns a bid with the maximum utility value attite in this utility space.
Throws an exception if there is no bid at all irs thtility space

doubl e get Wei ght (i nt issuel D)
returns the weight of the issue with given issuelD

Obj ective getlssue(int index)
does exactly the same as Domain.getlssue

Domai n get Domai n()
returns the domain

Doubl e get Cost (Bid bid) throws Exception

returns the cost of the given bid. throws if caat aot be computed for some reasan.

Bid

fDomain
variable holding the domain

Bi d( Domai n donmai nP, HashMap<I nt eger, Val ue> bi dP)
t hrows Exception
constructor for a Bid.
The bidP is a hashmap that maps issue IDs to Valigsh are Strings).
Will throw exception if not all issues in the domaire assigned a value.

Val ue get Val ue(int issueNr) throws Exception
returns the picked value for a given issue ID numbe

voi d setVal ue(int issueld, Value pVal ue)
sets the value for issue with issueld to pValue.

bool ean equal s(Bi d pBid)
returns true if bids are equal

HashMap<I nt eger, Val ue> get Val ues()

21



returns the entire set of bid val

EvaluatorDiscrete (implements Evaluator)

doubl e get Wi ght ()
returns the weight for this evaluator, a valueGi].

I nt eger get Val ue(Val ueDi screte alternativeP)
returns the non-normalized evaluation-value

may return null if the alternativeP is not a valoewhen the value has not been sef.

| nt eger get Eval Max() throws Exception
returns the largest evaluation value available.
Throws if there are no evaluation values available.

Doubl e get Eval uation(UtilitySpace uspace, Bid |ID,
int index) throws Exception

returns the normalized evaluation valuevgl(bid for issue ID)/maxieval(v,)) in
equation 1)

Doubl e get Eval uati on(Val ueDi screte v) throws Exception
returns the normalized evaluation value of value v
(eval(v)/maxieval(v,)) in equation 1)

Doubl e normal i ze(l nt eger Eval Val ue) throws Exception
EvalValue is the evaluation value to be normalized

returns EvalValue/maxieval (v, ))

throws if the EvalValue is null, or if the normadimon fails.

Doubl e get Cost ( Val ue val ue)
value is the value of which the cost is needed
returns the cost for given value, or null if no tcagailable for value.

doubl e get MaxCost ()
returns the maximum of the costs for this evaluator

Doubl e get Cost (UtilitySpace uspace, Bid bid, int id)

t hrows Exception
Returns the cost of issue with given id. May thrdwthe bid is incomplete o
utilityspace has problems

=

Val ue get MaxVal ue()
returns the first value that has the maximum evalnavalue.

Val ue get M nVal ue()

returns the value that has the smallest evaluatidue

Timeline

publi c doubl e getTime()
Get the time, running from t = 0 (start) to t =dkédline). The time is normalized,
agents need not be concerned with the actual mitentock. Please usg

Agent.sleep(double) for pausing the agent.
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7. Conclusions

Any comments and suggestions on the negotiatioesyand manuals can be mailed
to ai@mmi.tudelft.nl.
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